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Introduction

This paper proved accessible to well-prepared candidates who were able to demonstrate
their knowledge and understanding of the chemistry tested and a familiarity with the
practical techniques involved. WCH16 is the final paper covering the entire IAL syllabus and
so it is important that all candidates have thoroughly revised the core practicals in
preparation for this examination. Some candidates found parts of the paper quite
challenging, especially where they were asked to apply their knowledge, or were asked to
explain the practical procedures. It was clear that some candidates would benefit from a
firmer grounding in the methods used in practical work and not just being able to follow
practical procedures and collect results.
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Question 1 (a)(i-ii)

In these questions the candidates were asked to give observations for chromium(lil) ions. In
QO01(a)(i) the candidates need to mention that a green precipitate was formed and in
QO01(a)(ii) what would happen to the precipitate when more sodium hydroxide was added.

1 A student investigated two aqueous solutions, labelled P and Q.
Both solutions were green. Each solution contained one cation and one anion.

(a) Tests were carried out on solution P.

Complete the table.
(i) | A few drops of aqueous Chromium(lll) ions (1)
sodium hydroxide were | . areen. . pasdipiade .. | may be presentin P
added to 5cm’ of P
- XY
(i) | More sodium hydroxide Chromium(lll) ions (1)
solution was added een. pucapdet ... | are confirmed to be
to the mixture from presentin P
(a)(i) until there was no | Aiswbed  inko oo
further change

ResultsPlus

Examiner Comments

A fully correct response for both Q01(a)(i) and Q01(a)(ii), a total of 2
marks awarded.

25
T

| Examiner Tip
Make sure the transition metal cation colours have been learned.
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1 A student investigated two aqueous solutions, labelled P and Q.
Both solutions were green, Each solution contained one cation and one anion.

(a) Tests were carried out on solution P.

Complete the table.
(i) | A few drops of aqueous Chromium(lll) ions (1)
sodium hydro:!dde were | . (x€00 .. | maybe presentinP
added to 5¢cm” of P .-
(i) | More sodium hydroxide Chromium(lil) ions (1)
solution was added :?m*(\,&_ﬂ_ are confirmed to be
to the mixture from presentin P
(a)(i) until therewas no | ... SRLAROW......
further change
ResultsPlus

Examiner Comments

This was a popular incorrect answer for Q01(a)(ii). Only 1 mark
awarded for Q01(a)(i).
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Question 1 (a)(iii)

This question required the formula of the chloride ion to be given (CI).

(i)

A few drops of dilute
nitric acid were added
to 5¢cm’ of a fresh
sample of P

A few drops of aqueous
silver nitrate were
added to this acidified
solution of P

A white precipitate
formed

The formula of the
anion likely to be

responsible for the
white precipitate is

-
" ( ResultsPlus
Examiner Comments

A fully correct response, 1 mark awarded.

(i)

A few drops of dilute
nitric acid were added
to 5cm’ of a fresh
sample of P
A few drops of aqueous | A white precipitate The formula of the
silver nitrate were formed anion likely to be
added to this acidified responsible for the
solution of P white precipitate is

...... =, U, ———

B
iﬁ ResultsPlus
Examiner Comments

The candidate has not read the question and has given the formula of
the precipitate instead. 0 marks awarded.
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(iif) | A few drops of dilute

nitric acid were added

to 5¢cm’ of a fresh

sample of P

A few drops of aqueous | A white precipitate The formula of the
silver nitrate were formed anion likely to be
added to this acidified responsible for the
solution of P white precipitate is

ChaloAdde oy

-
% ResultsPlus
_ Examiner Comments

The formula of the ion has not been given. 0 marks awarded.
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Question 1 (b)

This question was about a very easy anion spot test, but here the candidates were asked to
justify the addition of nitric acid before the addition of silver nitrate.

(b) State why, in the silver nitrate test on P, the nitric acid was not needed in
this case. Justify your answer by considering the role of nitric acid in the

silver nitrate test.
(2)

o Tne.witre aad U used Yo vewove  oflay
H«cgttvmrn\rrq,k@m\;jhi-

@

wge o3
..................... Tesok Mot Do tais.cose theve ovg

Ve Sther . awions.. because dheves unln [ aniva .
ok | calivn.

ﬂ ResultsPlus
Examiner Comments

An excellent response, the candidate has justified the addition of nitric
acid to remove interfering anions and has correctly identified

carbonate anions (CO32'). 2 marks awarded.

(b) State why, in the silver nitrate test on P, the nitric acid was not needed in
this case. Justify your answer by considering the role of nitric acid in the
silver nitrate test,
(2)

ﬂ ResultsPlus
Examiner Comments

In this example the candidate has misunderstood the question. 0
marks awarded.
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(b) State why, in the silver nitrate test on P, the nitric acid was not needed in
this case. Justify your answer by considering the role of nitric acid in the

silver nitrate test.
(2)

becavse thal€. Qe ro. ool aNens. (0 e oiian..
B ke Moich. cau\d frm.a_precipitale.

._...,.GKC*G‘ wmd toc_, hm'&i o enoure. %wfﬁ ..
anns de not o a precpiaie and ke ue

fa—k B Y A gilvey holde L,e,".\j Foyorah (Adren
Al-ere N b

k.
ResultsPlus
. Examiner Comments

This response only scored 1 mark, as the candidate failed to name an
interfering anion.
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Question 1 (c)(i)

This question concerned another cation that also formed a green precipitate on the addition
of dilute aqueous ammonia solution, the candidates were informed that solution Q
contained iron(ll) ions. Many candidates were awarded both marks, one for the colour
change - this was GCSE knowledge, and the other mark for the change in oxidation state of
the iron(ll) to iron(lll).

(¢) The student carried out tests on Q and inferred that it was a solution of
iron(ll) sulfate,

(i) The addition of dilute aqueous ammonia to a sample of solution Q produced
a green precipitate which changed colour on standing.

Explain why the colour change led the student to infer that Q contained
iron(ll) ions.
(2)

Ff?'wmdmbau‘%enm&*scgﬂenqwctrvmwmlbwwwﬂsfﬂhdmg

eredore G contang Fet dve Yo quen precipitale fum brown, wiide means

Q{ { ResultsPlus
:/"'--‘- Examiner Comments

A perfect response, iron(ll) is oxidised to iron(lll) which is brown,
confirming Iron(ll) was in solution Q. 2 marks awarded.
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(c) The student carried out tests on Q and inferred that it was a solution of
iron(ll) sulfate.

(i) The addition of dilute aqueous ammonia to a sample of solution Q produced
a green precipitate which changed colour on standing.

Explain why the colour change led the student to infer that Q contained
iron(ll) ions.

s T R AEIL O O O YORRN Qe QIR . cOMA  aao
a0k WHage ORI DS prRHAK... O ... IR . oc

............. wwon. L e BRI Wes aromiam.. At anewadn E e

. Mwmmwmammm&,mwwn%ﬂ-mmm ..........
&mMswu,m?mtnhmwnmurhhm
et was.... K. 000 (L) oS I

.
" ( ResultsPlus

Examiner Comments

In this instance the candidate has given the colour but has not given
any justification. 1 mark awarded.
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(c) The student carried out tests on Q and inferred that it was a solution of
iron(ll) sulfate.

(i) The addition of dilute aqueous ammonia to a sample of solution Q produced
a green precipitate which changed colour on standing.
‘-!'—-___—_—_

Explain why the colour change led the student to infer that Q contained
iron(ll) ions.

(2)

wit. NHy, e cdour. vik change 10 qurple. oc. dack blve.. .

N

ﬂ ResultsPlus
Examiner Comments

In this example the candidate has not read the question correctly and
seems to have focussed on the reaction with ammonia, rather than the
sample being left to stand. 0 marks awarded.

(c) The student carried out tests on Q and inferred that it was a solution of
iron(ll) sulfate.

() The addition of dilute aqueous ammonia to a sample of solution Q produced
a green precipitate which changed colour on standing.

Explain why the colour change led the student to infer that Q contained
iron(ll) ions.

(2)
i O WD QAL ... B ODUE. bR PO rh

BRI o 0 4 0% W0 o T

N\

ﬂ ResultsPlus
Examiner Comments

While the candidate has mentioned there is a colour change, they have
not stated what the new colour is, nor have they commented on the
oxidation of iron(ll). 0 marks awarded.
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Question 1 (c)(ii)

A further question on the analysis of anions. This one was about testing for the presence of
sulfate ions. The majority of candidates were able to give a correct reagent and the correct
observation.

(i) Describe a test, and its positive result, that the student could have carried out

to show the presence of sulfate ions. _
(2)

/qoLMM"‘*fr‘cam‘w(a.M(srLuumf
0. A Sl "rﬂ,,.[,.,ﬂrﬂ)&ﬁr)pm‘cx/):m

.-\‘\____ —
Q{ ( ResultsPlus
/--J. Examiner Comments

This candidate has copied the reagent required for testing for halide
ions from an earlier part of question 1. Consequently they were
awarded 0 marks.

(i) Describe a test, and its positive result, that the student could have carried out
to show the presence of sulfate ions.

(2)

................. lamfmsmﬂwmbﬂmﬁmﬁ i Ta....

]fm\ ________________________________________________________________________________________________________________ B

AN

Q{ ( ResultsPlus
/--.\. Examiner Comments

A correct response indicating that barium ions are required and that a
white precipitate is produced if sulfate ions are present.
2 marks awarded.
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Question 1 (d)

This question checked the candidates knowledge of the coloured ions of transition metals.

(d) Identify, by name or formula, a metal cation, other than chromium(lll) and iron(l1),
which could give a green colour in an aqueous solution. '

" (1)
NIt B v 8t

N

S{‘ { ResultsPlus
/“--1 Examiner Comments

This response has given two correct ions. 1 mark awarded.
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Question 2 (a)(i)

This question was about an organic liquid and describes the reaction on the addition of
water. About one third of all candidates were awarded all three marks. Many missed the link
between the HCl produced in the first step and the NH4Cl produced in the subsequent step.

2 Two organic compounds, X and Y, are colourless liquids.
Each compound contains only one functional group.

(a) A few drops of deionised water are added to a beaker containing X.
Misty fumes are formed.

A drop of concentrated ammonia on the tip of a glass rod is placed in the

(i) Deduce the functicmal group in X.

Justify your answer by referring to the observations.
(3)

LAs  xeastion.. with. . wWater  piocuceo onist fuwe S 0F

“CL%TN‘&S‘mwﬁ\*‘vakd‘ﬂeﬁ‘?‘l\c"\\““‘*ﬁN"M’“Cam“?h?‘mm

....... Aravno s 8. o0 \esS.. X otk . eorats. i eonta st with mis ..

fovos  the white Swmoke  of NHuCL.. Foxeas. . S0 this. contems

........ Mkmbw%mgwewtﬂﬁlwao’rhe{—‘umﬁom\

B\ =L00 3o R, SR V- o o 11 - € oY

ﬂ ResultsPlus
Examiner Comments

This clip shows a fully correct response. The acyl chloride has been
identified, HCl fumes linked to misty fumes and NH,4CI to the white

smoke and so it was awarded 3 marks.
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2 Two organic compounds, X and Y, are colourless liquids.
Each compound contains only one functional group.

(a) A few drops of deionised water are added to a beaker containing X.
Misty fumes are formed.

A drop of concentrated ammonia on the tip of a glass rod is placed in the
misty fumes. White smoke is formed.

(i) Deduce the functional group in X.
Justify your answer by referring to the observations.

(3)
concentrated ommonia Fforms  whice smole with HClep:

-
" { ResultsPlus

Examiner Comments

This candidate has correctly identified the functional group and the
HCl as the misty fumes, however they have failed to mention NH4Cl
and so was only awarded 2 marks.
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2 Two organic compounds, X and Y, a'@:urﬂ@quids. C—0C-
Each compound contains only one al gfoup:
(a) A few drops of deionised water are added to a beaker containing X.
Mistyfumes areformed. @ SIAE

MY,
A drop of conce d ammonia on t#ee tip of a glass rod is placed in the

o ° Mo <+ NH},—-» NHG « .
(i) Deduce the functional group In® .
Justify your answer by referring to the observations.

| (3)

Becowse wivy Panats  inseoiny Jaoivh) M s prodincedl,
40%¢c«vw,c>ﬂwh0{wmw&ﬂvc4hﬂf«mc‘fﬁamal

ResultsPlus

Examiner Comments

This clip illustrates a common misconception, that X was a chloro

alkane. The candidate has correctly spotted that the misty fumes are
HCl and so was awarded 1 mark only.
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Question 2 (a)(ii)

This question was about laboratory safety and how to reduce risk, with 90% of the
candidates giving the correct response of using a fume cupboard.

(i) State the precaution that you would take to minimise the risk of carrying out
this test on the misty fumes.

Assume gloves, safety goggles and laboratory coat are worn.
(1M

ﬂ;j ResultsPlus
Examiner Comments

A correct response, awarded 1 mark.

(i) State the precaution that you would take to minimise the risk of carrying out

this test on the misty fumes.

Assume gloves, safety goggles and laboratory coat are worn. )
(1

Wear a Facemagle e

ﬂ ResultsPlus
Examiner Comments

This candidate has given a common incorrect response. 0 marks
awarded.
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Question 2 (b)

In this part of the question, the candidates needed to use information from Q02(a) and a new
piece of 13C NMR data.

(b) The C NMR spectrum of X has two peaks.

Draw the displayed formula of X.
(1)

N

[N
-
-

'\,«’ / ResultsPlus
:/"‘--‘- Examiner Comments

A fully correct displayed formula of ethanoyl chloride, substance X, so
1 mark awarded.
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(b) The '*C NMR spectrum of X has two peaks.
Draw the displayed formula of X.

LN S
L
pR-C—-C—C-U
\
1

(1)

|
R

N

y ( ResultsPlus
/"--J. Examiner Comments

In this clip the candidate has correctly included the information from
Q02(a) but has not read Q02(b). They have drawn propanoyl chloride

and this compound would have three peaks in '3C NMR. 0 marks
awarded.
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Question 2 (c)(i)

Question 2 continues with the focus being substance Y for part (c). Q02(c)(i) concerned a
mass spectrum of Y and a fragment at m/z = 45. Nearly half of the candidates missed this
mark for a variety of reasons including:

e positive charge missing from an otherwise correct response.
¢ including a negative charge instead of a positive charge.
¢ including a "hanging bond" from an otherwise correct response.

(¢) The mass spectrum of Y is shown.

100
80
60 -
Relative
intensity
40
20 |
0 e H !!.,.,..”,.!!:!!.,l,.:,!l.:q_...,”,.[” ,

10 15 20 25,5{)30 35 40 45 50 55 60 65 70 75
m/z

() Bubbles are observed when aqueous sodium hydrogencarbonate is

added to Y.
Deduce the formula of the ion responsible for the peak at m/z = 45.
(1)
% 20
...... 6\6(4
%,( { ResultsPlus
/--J. Examiner Comments
A fully correct response, so 1 mark awarded.
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(c) The mass spectrum of Y is shown.

100
80
60 -
Relative
intensity
40 -
20 - ‘
0 tr++irrrH !! ....... T | VTR ” -
10 15 20 25 30 35 40 45 50 55 60 65 ?0 75
m/z
(i) Bubbles are observed when aqueous Wmﬁhﬂnﬂe is
added to Y. Mati0s

Deduce the formula of the ion responsible for the peak at m/z = 45.
(1)

ResultsPlus

Examiner Comments

The positive charge was missing, so 0 marks awarded.
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(c) The mass spectrum of Y is shown.

100 -

80

Relative
intensity

20 4

ll-.t_.

0
10

LA

|
15 20 25 30 35 40 45 50 55 60 65 70 75
m/z

||||||||||||||||||||||

() Bubbles are observed when aqueous sodium hydrogencarbonate is

addedto Y.

Deduce the formula of the ion responsible for the peak at m/z = 45.

¢ orhoxyita ed

N\

In this clip the candidate has remembered the ion in the question but
has given a negative charge, so 0 marks awarded.

ResultsPlus

Examiner Comments
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(c) The mass spectrum of Y is shown.

100 -

l

80 7%

60
Relative
intensity

40 -

20 -

0 '}L*=| !l ....... et h..,...'_ll..ﬁl..._,....,'.'.G—
10 15 20 25 30 35 40 45 50 55 60 65 70 75
m/z

(i) Bubbles are observed when aqueous sodium hydrogencarbonate is
added to Y.

Deduce the formula of the ion responsible for the peak at m/z = 45.

T (1)

..i-
-~Co¢H i

[

ﬂ ResultsPlus
Examiner Comments

A "hanging bond" has been included in this response, so 0 marks
awarded.
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Question 2 (c)(ii)

In this part of Q02(c) the candidates needed to use the m/z = 74, the molecular ion, and the
mass of the COOH™ ion to deduce the structure of Y.

(i) Draw the structural formula of Y.

m/
Sheletad  sfved v L iy pah
A | 7({ - G0
- 'h

o

CH, (H, CooM

ﬁ( / ResultsPlus
:/""-“- Examiner Comments

A fully correct response, including the deduction process. Fortunately
the candidate has given two correct responses, so 1 mark awarded.
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(ii) Draw the structural formula of Y.
(1)

B

% ResultsPlus
Examiner Comments

In this clip the candidate has made a correct deduction but they have
included an extra hydrogen atom, drawing a pentavalent carbon, so 0
marks awarded.

(i) Draw the structural formula of Y. H
CyMeo (1)

N,

<0‘< ResultsPlus
Examiner Comments

This clip shows a common error the m/z = 73 for butanol. 0 marks
awarded.
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Question 2 (d)(i)

In this part of the question substances X and Y are directly compared. The candidates have
been told that an ethyl ester is formed, they only need to give the name of an appropriate
reagent, so a fairly straightforward question.

(d) Both X and Y can be used to produce esters.

(i Name the compound that would react with both X and Y to form ethyl esters.

(1)

N

X,

Y / ResultsPlus
/r--.\. Examiner Comments

A fully correct response, so 1 mark awarded.
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Question 2 (d)(ii)

This part of question 2 looks more closely at the esterification reaction, a further suggested
practical. Many candidates failed to be awarded any marks on this question. This indicates
that some practical procedures are overlooked.

(i) A student prepared an ester using X and a suitable compound.

Explain why the student added aqueous sodium hydrogencarbonate to the
reaction mixture to allow the presence of an ester to be detected.

(2)

%...bo. peashy. bumee.. 0%, rodued el bW be skl |

mmb—m&ngﬁbgﬂqmw:wWMm%

A S Y YT Bed. BY N o

N\

[
-

V ResultsPlus
/"--. Examiner Comments

A correct response, the candidate has mentioned the scent of the ester
and that the sodium hydrogen carbonate is used to neutralise the HCI
that is also formed in the reaction between ethanoyl chloride (X) and
ethanol. 2 marks awarded.

(i) A student prepared an ester using X and a suitable compound.

Explain why the student added aqueous sodium hydrogencarbonate to the
reaction mixture to allow the presence of an ester to be detected.

...... cacc‘m\l&w&mm&umhrm&mw}ﬁ%kr%
Pﬁﬁcbvcxﬂgcoggowﬂ%\ovblla .................. e

N

V ResultsPlus
/'--. Examiner Comments

This clip shows a common misconception, that the sodium hydrogen
carbonate reacts with the ester. 0 marks awarded.
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Question 2 (e)

This final part of question 2 continues the comparison between substances X and Y. Here
their reactions with concentrated ammonia are considered. Over half of the candidates were

not awarded any marks for Q02(e).

(e) Both X and Y react with concentrated ammonia but form different products.

Identify these products, by name or formula.
(2)

Product with X
e¥honamide

Product with Y

e .I_'\“\. .
Y { ResultsPlus
:‘/"‘-‘- Examiner Comments
A fully correct response. A total of 2 marks awarded.
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(e) Both X and Y react with concentrated ammonia but form different products.

Identify these products, by name or formula.
(2}

Product with X

Product with Y

N\

y { ResultsPlus
._/"'"“ Examiner Comments

In this clip the product for X is an attempt to give the ammonium
compound for Y, but the ammonium ion is incorrect.

The product for Y is incorrectly shown as an amine.

This shows common incorrect answers given in combination by other
candidates. 0 marks awarded.
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Question 3 (a)

Question 3 is based on the core practical 9a - following the rate of the iodine-propanone
reaction by titrimetric method. Q03(a) concerned why part of the practical procedure is
carried out. About two thirds of candidates failed to be awarded this mark, indicating that
while candidates are able to follow practical methods, they are very unlikely to question the
procedural steps.

3 This question is about an experiment to investigate the kinetics of the reaction
between iodine and propanone with an acid catalyst.
Lo Seid At s Qy

O
The equation for the 1'~=.-atl:_t'|£:r'11 is shown.
I,(aq) + CH;COCH.(aq) + H'(aq) — CH,COCH.I(aq) + 2H'(aq) + I(aq)

To obtain the order of reaction with respect to iodine, the concentration of iodine in
the reaction mixture was determined at various times.

Procedure

Step 1 Mix 25cm’ of 1.0 moldm™ sulfuric acid with
25¢cm’ of 1.0moldm™ propanone in a beaker.

Step 2 Start a clock as 50cm’ of 0.020 mol dm™ iodine solution is added to
the beaker. Mix the reactants thoroughly.

Step 3 Tip a spatula measure of sodium hydrogencarbonate into a
conical flask. After 3 minutes, pipette a 10.0cm’ sample of the
reaction mixture into the conical flask and mix thoroughly.

Step 4 Titrate the iodine in the sample with
0.010 moldm™ sodium thiosulfate solution using a suitable indicator.
Record the titre.

Step 5 Repeat Steps 3 and 4 every 3 minutes to obtain four more titres.

(a) State why the sulfuric acid and propanone concentrations are both much larger
than the iodine concentration.

TA t"'ll.n.cl “\.\J‘\ r h' i ii‘ ata i lea e Leowl In.a rT

ﬂ ResultsPlus
Examiner Comments

A perfect response. 1 mark awarded.
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3 This question is about an experiment to investigate the kinetics of the reaction
between iodine and propanone with an acid catalyst.

The equation for the reaction is shown.
I(ag) + CH,COCHs(aq) + H*(aq) — CH,COCH.l(aq) + 2H'(aq) + I(aq)

To obtain the order of reaction with respect to iodine, the concentration of iodine in
the reaction mixture was determined at various times.

Procedure

Step 1 Mix 25¢m’ of 1.0moldm™ sulfuric acid with
25¢m’ of 1.0mol dm™ propanone in a beaker.

Step 2 Start a clock as 50cm® of 0.020 moldm™ iodine solution is added to
the beaker. Mix the reactants thoroughly.

Step 3 Tip a spatula measure of sodium hydrogencarbonate into a
conical flask. After 3 minutes, pipette a 10.0cm’ sample of the
reaction mixture into the conical flask and mix thoroughly.

Step 4 Titrate the iodine in the sample with
0.010mol dm™ sodium thiosulfate solution using a suitable indicator.
Record the titre,

Step 5 Repeat Steps 3 and 4 every 3 minutes to obtain four more titres.

(a) State why the sulfuric acid and propanone concentrations are both much larger
than the iodine concentration.

.

ig ResultsPlus
Examiner Comments

A common response that missed the point of the question. The
candidate has stated that the iodine is the limiting reactant. 0 marks
awarded.
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Question 3 (b)

Question 3 is based on the core practical 9a - following the rate of the iodine-propanone
reaction by titrimetric method. For Q03(b) two thirds of candidates were awarded this mark
and correctly stated that the addition of sodium hydrogen carbonate would neutralise the
sulfuric acid and quench the reaction.

(b) State why sodium hydrogencarbonate is used in Step 3.

ﬁtﬂmﬂhfr\}hﬁinrdharfq&hanw ......... hE.L.c‘I‘Y‘\“'H ........................

(1)

................ 5&"‘?&"’;4({6;\5’{

™.

I X,

/ ResultsPlus

+ Examiner Comments

A perfect response citing both the acid neutralisation and the
quenching of the iodine-propanone reaction. 1 mark awarded.
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Question 3 (c)

Question 3 is based on the core practical 9a - following the rate of the iodine-propanone
reaction by titrimetric method. This question was about the indicator employed in this
practical. Nearly 60% of candidates correctly identified the indicator, starch, and the
appropriate colour change at the end, blue-black to colourless. Some candidates named an

acid-base indicator such as methyl orange and so missed both marks.

(c) Name the indicator that would be used for the titration in Step 4, stating the

colour change that would be seen at the end-point of the reaction.

(2)
....:tﬁrm....mzuid.....a.n...m.m..._a;....m___.mm.c:a&ac__-____m....m,{am....cﬁ.anye_.,mamd....a.. .......................................
A, BEOCK.. . COEDULEIRNLS ... o eovemerrstti ot b o o e e s B o
.':\\_
i{ { ResultsPlus
:‘/r--.‘\. Examiner Comments
A perfect response. 2 marks awarded.
(c) Name the indicator that would be used for the titration in Step 4, stating the
colour change that would be seen at the end-point of the reaction.
(2)

N

\}’ { ResultsPlus

/"‘-—“. Examiner Comments

awarded.

In this clip the candidate has given an acid-base indicator. 0 marks
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Question 3 (d)(i)-(e)(ii)

Question 3 is based on the core practical 9a - following the rate of the iodine-propanone
reaction by titrimetric method.

In Q03(d)(i) the candidates had to draw and label axes covering more than half the grid, plot
the points and draw a straight line of best fit. It was apparent that many candidates were
unable to find suitable scales for their graph.

In Q03(d)(ii) the candidates were asked why the volume of thiosulfate could be plotted
instead of the concentration of iodine - many candidates just commented that it was easier.

In QO03(d)(iii) candidates had to give the order of react with respect to iodine and justify their
answer by referring to the graph - many candidates lost the mark for stating an incorrect
order.

In Q03(e)(i) candidates needed to interpolate half-lives from a given graph followed by some
data manipulation. Some candidates lost a mark for giving half-lives as 7s and 15s.

In Q03(e)(ii) the candidates needed to use information from the rest of Q03(d)(iii), Q03(e)(i)
and QO03(e)(ii). This was mostly not awarded due to a missing rate constant (k) from the rate
equation.

Very few candidates were awarded all 8 marks for these parts of question 3.
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(d) Titration results from the experiment are shown.

3

12

16.05

15.30 14.50

13.70

(i) Plot a graph of titre against time.

(3)
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(i) State why the volume of thiosulfate may be used for plotting the graph rather
than the concentration of iodine.

(1)
s 1 < VIR V21 101 ¥ ¢ N of‘[ %uuﬂfah d}.fre_d-l.?
e FLOYROX WQM.QL .contaetalion..... ﬂ:[P ....... fncﬂ-t[fs.ﬂm......
(iii) State the order of reaction with respect to iodine.
Justify your answer by referring to your graph.
(1)
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(e) Further experiments were carried out to determine the reaction orders with
respect to propanone and sulfuric acid.

(i) A graph of the concentration of propanone against time is shown.

0.20
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The reaction is first order with respect to propanone.

Determine two half-lives for this reaction.
You must show your working on the graph.

(2)
First half-life

Second half-life

. l.@-?;ﬂé

(i) A graph of the reaction rate against the concentration of sulfuric acid
is shown.

Rate

L

Concentration of acid

Deduce the rate equation for the overall reaction of iodine and propanone
with an acid catalyst.

Use your answer from (d)(iii) and information from (e)(i) and the graph

in (e)(il).

Rate = [ pxapoode 1z - (1)

Rate = Kk LCH&LOCH;J i e |

b
" ( ResultsPlus

Examiner Comments

A perfect response. A total of 8 marks awarded.
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(d) Titration results from the experiment are shown.
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(IE “glot a graph of titre against time.
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(i) State why the volume of thiosulfate may be used for plotting the graph rather
than the concentration of iodine.

BTN

' : hd

...............................

(iii) State the order of reaction with respect to iodine.
Justify your answer by referring to your graph.
(1)

ZeTp UrtL!‘r
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(e) Further experiments were carried out to determine the reaction orders with
respect to propanone and sulfuric acid.

(i) A graph of the concentration of propanone against time is shown.
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The reaction is first order with respect to propanone.

Determine two half-lives for this reaction.
You must show your working on the graph.

First half-life

Second half-life

(i) A graph of the reaction rate against the concentration of sulfuric acid
is shown.

N

Rate

—

Concentration of acid

Deduce the rate equation for the overall reaction of iodine and propanone
with an acid catalyst.
Use your answer from (d)(iii) and information from (e)(i) and the graph
in (e)(ii).
(1)

Yavez K LW 1"'L11N,J L Chalocny 2!

S{ / ResultsPlus
< Examiner Comments

Here the candidate has lost a graph (Q03(d)(i)) mark due to an
inappropriate scale.

QO03(d)(ii) has not been awarded, as the candidate has not appreciated
the connection between the volume of thiosulfate and iodine
concentration.

QO03(d)(iii) has been lost as there is no justification.

For Q03(e)(i) the interpolation lines have been clearly drawn, but they
have failed to complete the half-life determination for the second
half-life.

A total of 4 marks awarded.
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, (i) A graph of the reaction rate against the concentration of sulfuric acid
is shown. :

Rate

S

Concentration of acid

Deduce the rate equation for the overall reaction of iodine and propanone

with an acid catalyst.
Use your answer from (d)(iii) and information from (e)(i) and the graph

in (e)(ii).

= [cM 3COCH [*] 50

(1)

.

ig ResultsPlus
Examiner Comments

In QO03(e)(ii) the candidate has left out the rate constant k. 0 marks
awarded.
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Question 4 (a)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and are again asked to question various steps. In Q04(a) the candidates
were asked about the use of an ice bath, rather than just using ice cubes to keep the
temperature of the reaction below 15°C. Over 80% of the candidates failed to be awarded
this mark as they failed to mention either more contact or that the cooling would be more
effective.
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4 A group of students prepared methyl 3-nitrobenzoate by the nitration of
methyl benzoate.

H;

P! e

+ HNO; ——— + H,0

NO,
Procedure

Step 1 Measure 9cm’ of concentrated sulfuric acid into a small, dry conical flask.
Label the flask A and place it in an ice bath.

Step 2 Add 4.0cmy’ of methyl benzoate to flask A.
Gently swirl the flask.

Step 3 Mix 3cm’ of concentrated nitric acid and 3cm’ of
concentrated sulfuric acid in a test tube to form the nitrating mixture.
. Place this test tube in the ice bath.

Step 4 Place a thermometer in flask A. Add the nitrating mixture very slowly to
flask A using a dropping pipette.
Take care to ensure that the temperature of the flask contents
does not rise above 15°C.

Step 5 Remove flask A from the ice bath and allow it to stand at room temperature
for about 10 minutes.
Pour the reaction mixture into a small beaker containing crushed ice.
Stir the contents of the beaker with a glass rod.

Step 6 Allow the ice to melt. Separate the solid methyl 3-nitrobenzoate by
suction filtration. Wash the solid with a small amount of
deionised water and then with a little ice-cold ethanol.

Step 7 Recrystallise the methyl 3-nitrobenzoate using ethanol as the solvent.

Step 8 Determine the melting temperature of the purified crystals of
methyl 3-nitrobenzoate.

(a) An ice bath is a mixture of ice and water in a beaker.

Suggest an advantage of using an ice bath in Steps 1 and 3 rather than a beaker
containing only ice cubes. Justify your answer.

o ool He Laakr dowfasie . ad i " So vpn cod kv
kz%nnmiﬁsniuﬂbtﬁl&wﬂrvtm&ffmduHnmcm
L W ook ar Q-pfetmdtirg‘mthvlf\w\srulﬁu—mmm}h;m

International Advanced Level Chemistry WCH16 01 46



ir(- ( ResultsPlus
/--1 Examiner Comments

A perfect response, including a good comparison between just ice
cubes and an ice bath. 1 mark awarded.

\.
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4 A group of students prepared methyl 3-nitrobenzoate by the nitration of

methyl benzoate.
(I:Ha Ca (] ‘L%"D H,
Oy, O Oy _0O
Hysom 4 WWA3
+ HNO; — + H,0
< 56 ~60"
N 5 NO
Cve e~ L soren ’
Procedure E e pikn

Step 1 Measure 9cm’ of concentrated sulfuric acid into a small, dry conical flask.
Label the flask A and place it in an ice bath.

Step 2 Add 4.0cm’ of methyl benzoate to flask A.
Gently swirl the flask.

Step 3 Mix 3cm’ of concentrated nitric acid and 3 cm’ of
concentrated sulfuric acid in a test tube to form the nitrating mixture.
Place this test tube in the ice bath.

Step 4 Place a thermometer in flask A. Add the nitrating mixture very slowly to
flask A using a dropping pipette.
Take care to ensure that the temperature of the flask contents
does not rise above 15°C.

Step 5 Remove flask A from the ice bath and allow it to stand at room temperature
for about 10 minutes.
Pour the reaction mixture into a small beaker containing crushed ice.
Stir the contents of the beaker with a glass rod.

Step 6 Allow the ice to melt. Separate the solid methyl 3-nitrobenzoate by
suction filtration. Wash the solid with a small amount of
deionised water and then with a little ice-cold ethanol.

Step 7 Recrystallise the methyl 3-nitrobenzoate using ethanol as the solvent.

Step 8 Determine the melting temperature of the purified crystals of
methyl 3-nitrobenzoate.

(a) Anice bath is a mixture of ice and water in a beaker.

Suggest an advantage of using an ice bath in Steps 1 and 3 rather than a beaker
containing only ice cubes. Justify your answer.

(1)

Xt seh A el wAaleaoes

AR Se(sden Co8ech gquuer
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| [ "

Y { ResultsPlus

/r--\. Examiner Comments

Here the candidate has given three answers. The comment on
'removing soluble impurities' is not correct. Finally a reference to
cooling but no mention of surface area in contact is insufficient to
score. 0 marks awarded.
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Question 4 (b)

Question 4 was about a nitration of an arene compound. Here the candidates are asked to
draw a possible structure of a nitrated arene that could be formed if the temperature is
permitted to rise above 15°C. Just under half of the candidates were awarded this mark.

(b) Side products form if the temperature rises above 15°C in Step 4,

Give the structure of one side product that may form.

CHs
Y

(1)

N

<f’ { ResultsPlus

/--J. Examiner Comments

A perfect response, showing a di-substituted product. 1 mark awarded.

(b) Side products form if the temperature rises above 15°C in Step 4.

Give the structure of one side product that may form.
O-: C 1 o= ('"M’b

NO
ok o

V { ResultsPlus
I‘/r--.‘\. Examiner Comments

The addition of a hydroxyl group was a common way of losing the
mark. 0 marks awarded.
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Question 4 (c)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and a "spot the errors" diagram of Buchner vacuum filtration apparatus.

The candidates had to mention:

e a missing filter paper, not merely suggest that the dotted line labelled base of the Buchner
funnel was incorrectly labelled, after all what would support the filter paper?

¢ the flask should be a Buchner flask instead of a conical flask.

¢ the presence of a vacuum pump, not merely an inference that "a vacuum needs to be
connected".

(c) One student drew the suction filtration apparatus in Step 6 as shown.

base of Buchner funnel

flask

Identify the three ways in which this diagram is incorrect.
You may assume that the apparatus is suitably clamped.

. . 0. e - or A, 00, +0 MNEAAAAMA. . P

N

\’k / ResultsPlus

/--J. Examiner Comments

A perfect response. All three errors clearly noted. 3 marks awarded.
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(c) One student drew the suction filtration apparatus in Step 6 as shown.

base of Buchner funnel

flask ~

e

Identify the three ways in which this diagram is incorrect.
You may assume that the apparatus is suitably clamped.

(3)
et v W on ofglny. mmn:}w\% Jv\cmf 2598 \e conatt. Sl
e A SN ons. 1) AL Yot Sudin.. QV\}tmben Y. 0cmc. Dutiad ins. te.
L\Ac\ng[mwwdw\& (o Shy. l\lu.r APORAL.,.. Bohass ymad 1r .........
BT T QM Q.ré%s*‘wg S\CRA En g.. Bochongs. 6“"“”’ Y30, tvey, okt
QQ\W‘L;’« Q,\Qw 5o o L0600 ek, pmﬂw—laszj andost ot Qn&. Qo

qu Bl [ﬂftr popt
Buiheas =

B vevel

g:}w&w ' VMMQMP

__'ResultsPhs

Examiner Comments

This response was only awarded 2 marks, for the opening on the flask

to connect to vacuum pump shown on the diagram below the text. The

candidate was not awarded the filter paper mark as they have not
included a solid line labelled filter paper in their own diagram.
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Question 4 (d)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure, step 7 mentions that the crude methyl 3-nitrobenzoate needs to be
recrystallised. The question specifically asks for when each type of impurity (insoluble or
soluble) are removed.

(d) Describe the stages in the recrystallisation of methyl 3-nitrobenzoate in Step 7,
stating which stages are required to remove the insoluble and soluble impurities.
Only outline details of the method are required.

(4)
Distalee Solid i minimum amoeynt o} gt Sowent. Ais is to_ovtain o saturated
Soluhow ang yinimise mass gt Solid 1ot in Solufon. Filtey e Jelvhon Yo

yemowe tosduble impurifies. Laol Filtvak in ice bath to maximite ameynt ob
Solid_cwstanine . Filler 4 ba by Uing Suction fitahion o remove Jolvble ...

puyities. fals. allows Sownt Yo be vemgved Gompletely. Dwy solid oy

.............................

ﬂ ResultsPlus
Examiner Comments

A perfect response. The candidate has written in a logical and concise
manner, stating when each type of impurity has been removed. 4
marks awarded.
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(d) Describe the stages in the recrystallisation of methyl 3-nitrobenzoate in Step 7,
stating which stages are required to remove the insoluble and soluble impurities.
Only outline details of the method are required.

(4)

furgoce o hot  BHTekion 4o rewove..onY..i030MoM o

A6 RIS, SO AN IARIATAS o LROMNG | SAISIONCR
...... mmms‘Mrwmnwwuﬂwwmmmww

miH&ksw-fﬁbﬁwyn% R e o N S SR B e

Qduﬁ,Lt}mnlmmxm.mpwibtsmﬁdm‘_w\h
Bt QOPR toweld  Hhe e gsmj.s

N

V ResultsPlus
/'--. Examiner Comments

In this clip the candidate is relying on the examiner to assume that the
crude product has been dissolved, so the dissolve in the minimum
volume of hot ethanol was not awarded.

The candidate has correctly stated that the hot filtration is to remove
insoluble impurities (lines 1 & 2).

The candidate has failed to mention that the filtrate needs to be
cooled for crystals to form.

The candidate has stated that the vacuum filtration is to eliminate
soluble impurities (lines 2 & 3).

2 marks awarded.

""f ResultsPlus
\

~_ Examiner Tip
It might be helpful to write procedures as a logical sequence in bullet
pointed steps.
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Question 4 (e)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and are again asked to question various steps.

(e) The crystals must be dried before the melting temperature can be determined.
Methyl 3-nitrobenzoate cannot be dried by the addition of a solid drying agent
such as anhydrous calcium chloride.

() Suggest why the addition of a solid drying agent is not suitable to dry
methyl 3-nitrobenzoate.
(1)

l‘f‘iSol‘P][ftCuH'bﬂ%Wﬂ-{Z‘fﬂ&m .......................................................................................................................................................

(i) State how the crystals of methyl 3-nitrobenzoate could be dried.
(1)

Eﬁ-ﬂm.edmcﬁhx ............................................................................................................. e e

ﬂ ResultsPlus
Examiner Comments

A brief but fully correct response. A total of 2 marks awarded.
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(e) The crystals must be dried before the melting temperature can be determined.
Methyl 3-nitrobenzoate cannot be dried by the addition of a solid drying agent
such as anhydrous calcium chloride.

(i) Suggest why the addition of a solid drying agent is not suitable to dry
methyl 3-nitrobénzoate.

(1)

'iht!prﬁduckﬁ‘mﬁl%thdhnndﬁﬁﬁ'wtllnQI'

rﬂch‘m’tswﬁac:hds

ResultsPlus

Examiner Comments

QO04(e)(i) the drying agent reacting with the product, was a popular
incorrect answer. 0 marks awarded for Q04(e)(i).
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Question 4 (f)

Question 4 was about a nitration of an arene compound. In this part of the question the
candidates were asked to determine the percentage yield, given an experimental mass of
product formed. This question was generally well answered with over 60% of the candidates
being awarded all three marks.

(f) The mass of dry methyl 3-nitrobenzoate crystals prepared by one of the students
was 3.05g.

Calculate the percentage yield by mass of methyl 3-nitrobenzoate using the
data shown.

136 1.08

181

n{ethy| terzop)= £XHE OBV . ©
n(mhyf it zoatef Z =0, 0194 md

Rycentuge yeH-'-‘ﬂaU;wwﬁosss X0z =53.37

ResultsPlus

Examiner Comments

An excellent response, laid out in a logical manner. 3 marks awarded.
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(f) The mass of dry methyl 3-nitrobenzoate crystals prepared by one of the students
was 3.05g.

Calculate the percentage yield by mass of methyl 3-nitrobenzoate using the
data shown.

(3)

3.05
ol = I8

= LE8 % 0" vl

ResultsPlus

Examiner Comments

In this clip the candidate has evaluated the number of moles of methyl
3-nitrobenzoate only and this was not enough to gain a mark. There
were many responses of this type scoring 0 marks.
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Question 4 (g)

Question 4 was about a nitration of an arene compound. Here the candidates are given the
practical procedure and are again asked to question various steps. In this part of the
guestion the candidates were asked to suggest a melting point of the crude product and give
a justification for their answer. About two thirds of candidates failed to be awarded any
marks.

(g) The melting temperature range of methyl 3-nitrobenzoate is given in a data book
as 78-80°C.

Suggest a melting temperature range for a sample of the
methyl 3-nitrobenzoate before recrystallisation. Justify your answer.

\( / ResultsPlus

/--J. Examiner Comments

A fully correct response, mentioning both an appropriate range
(between 70°C and 79°C) and with a justification that impurities would
both depress the melting point and increase the range of
temperatures over which the change of state occurs. 2 marks awarded.
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(g) The melting temperature range of methyl 3-nitrobenzoate is given in a data book
as 78-80°C.

Suggest a melting temperature range for a sample of the
methyl 3-nitrobenzoate before recrystallisation. Justify your answer.

(2)
/{Lelmg tenferutive. ronde. will ke bower, abeut. . 10.2.15.°C.
.,..bfcﬂﬂﬁf &de Such.as. water and ethaned . Present.in. Mz-fhal.....;}__ ______ ni troben..
PR o111 e

N\

%j ResultsPlus
Examiner Comments

In this response the candidate has given an appropriate range but has
not given any justification. 1 mark awarded.

(@) The melting temperature range of methyl 3-nitrobenzoate is given in a data book
as 78-80°C.

Suggest a melting temperature range for a sample of the
methyl 3-nitrobenzoate before recrystallisation. Justify your answer.
(2)

............... Q(Qﬁ?_ secryshaelisabhon ‘-’heﬁhmcf}mmwmmrg
f%%ﬂ. AN s OMOCCOMANR. .. RS HANIHRS.  (11€0

yresowt omd Ware fog ... xefhiag,. hemﬁmfwe,
........@:?O[.:g..............uﬂmmﬁ.{’_

[

%j ResultsPlus
Examiner Comments

In this response the candidate has attempted the justification and

mentioned a larger range, but they have failed to mention that the

melting point range has been depressed. They have not suggested a
melting temperature range. 0 marks awarded.
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Paper Summary

Based on their performance on this paper, candidates should:

e Ensure that they read and re-read the question, paying particular attention to the
command words and checking that their response answers the question.

e Practice experimental techniques and if unable to do so personally then watch
demonstrations as this will help with recalling the techniques. While carrying out practical
work, spend time thinking about why a particular procedure is being used rather than
another.

e Practice drawing apparatus and being able to spot deliberate errors on diagrams.

e Show all working for calculations, in a logical manner, and remember to round the final
answer only.

e Ensure that graphs are drawn with an appropriate scale that should cover half the grid in
either direction.

e Make sure that when interpolating information from a graph, the lines are drawn with care
and also remember to include the correct units when giving the answer.
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